Abstract: Aldo-keto reductases play an important role in cell protection against oxidative stress and in the modulation of resistance to the effect of stress damaging factors during ontogenesis. However, there are no clear concepts about changing of their catalytic properties in the process of individual development to date. The reason may be age-dependent changes in hormonal regulation. Still there is no information about the hormonal regulation of aldo-keto reductases. Taking this into account, the present study investigated the effect of testosterone on aldo-keto reductase activity of the blood of the rats of different ages. It has been found that an increased level of testosterone in the blood of rats from 1.5 to 26 months of age was accompanied by an increased aldo-keto reductase activity and the modulation in the structure of isozymes spectrum of aldo-keto reductases. Intramuscular injections of testosterone to pubertal and adult rats increased aldo-keto reductase activity of the blood, which did not occur in immature and aged animals. The obtained data suggest that testosterone is involved in the regulation of the synthesis of individual aldo-keto reductase isozymes.
Introduction
The incidence of pathology of cardiovascular, central nervous, endocrine and other systems increases at certain stages of ontogenesis (pubertal age and aging) [1, 2, 3] . All these diseases are of stressor etiology [4, 5] . Therefore, one of the major reasons for the increasing incidence of diseases at these stages of ontogenesis may be agedependent decrease in resistance of the organism to the effects of stressors. According to modern concepts the stimulation of free radical processes in the cells of the visceral organs is considered as the central nonspecific factor of the stress-induced injury [6, 7] . It should be noted, that pubertal organisms as well as aged ones are more sensitive to free radical damage [7] [8] [9] .
Stimulation of free radical processes is accompanied by accumulation of cytotoxic carbonyl metabolic products including aldehydes in the cells. They are formed in the course of metabolism of products of lipids, amino acids, and monosaccharides free radical oxidation [10] [11] [12] . Aldehydes are stable molecules which are characterized by high reactivity. They are capable to form adducts with proteins, nucleic acids, phospholipids, etc. [12] [13] [14] . That's why they act as damaging messengers of oxidative stress [15] .
Protection of cells from carbonyl products of free radical oxidation is provided by aldehydes scavenger enzymes [16, 17] . These include aldo-keto reductases which catalyze reduction of endogenous aldehydes into less toxic alcohols [17, 18] . Aldo-keto reductases family consists of numerous representatives. Subfamily 1 (ALKR1) is of greatest importance.
It includes aldose reductases, aldehyde reductases and carbonyl reductases [19, 20] .
The rate of formation of free radical oxidation carbonyl products increases dramatically during stress. For this reason aldo-keto reductases play an important role in protection of cells from carbonyl products of free radical oxidation. Due to this aldo-keto reductases participate in the formation of mechanisms of stress protection. It can be assumed that the modulation of catalytic activity and the level of aldo-keto reductases influenced by different factors play an important role in alteration of sensitivity of organism to stress damage at certain stages of ontogenesis. Aldo-Keto Reductase Activity in the Blood of Different Ages Rats Taking into account the changes in production of sex hormones in the organism at the stage of puberty and aging, the testosterone can be expected to participate in the regulation of synthesis of aldo-keto reductases and modulation of this effect in the organism at the given stages of ontogenesis. However, nowadays there is still not enough data about the effect of this hormone on the aldoketo reductase activity of the blood.
Taking this fact into account, the aim of the work was to study the effect of testosterone on aldo-keto reductase activity of the blood of rats at different stages of ontogenesis.
Materials and Methods
66 Male Wistar rats of four different age groups were employed in the study: 1 -3-weeks-old (immature), 2 -1.5-months-old (pubertal); 3 -3-months-old (adult); 4 -24 -26-months-old (old) rats.
Euthanasia was performed by decapitation under light etherization. Aldo-keto reductase activity was measured in blood serum [21] . For this purpose, 0.1 ml of blood serum was added to a spectrophotometric cuvette containing (final concentrations): 0.05 moles of potassium phosphate buffer (pH 6.5), 0.01 moles of glutaric aldehyde and 0.0001 moles of reduced NAD (nicotinamide adenine dinucleotide). The rate of reaction was measured according to decrease of optical density at 340 nm on SF-46 (LOMO, Russia). The enzymatic activity was expressed in nmol of reduced NAD / mg protein ˙ min.
Determination of total testosterone content in the serum was performed by ELISA technique.
Fractionation of aldo-keto reductases from serum of intact rats was carried out in special experiments using the method of analytical electrophoresis on agarose plates. A set of plates and reagents for proteins separation Cormay Gel Protein 100 (Cormay) was used for this purpose. Serum portion of 5 µL was placed on the plate. Fractionation of aldo-keto reductases was performed for 30 minutes at 100 V.
Dyeing of plates after electrophoresis was carried out in a special staining solution for 30 minutes at 37 0 C. Staining solution was prepared by dissolving 30 mg of NAD, 17.5 mg of nitro blue tetrazolium, and 1 mg of phenazine methosulfate in 45 ml of 0.1 M glycine-NaOH buffer (pH 10,0). After filtration, 0.486 ml of benzyl alcohol dissolved in 0.75 ml of methanol was added to the solution [22] . Stained plates were thoroughly washed, air dried and scanned on densitometer DM 2120 (Solar, Belarus).
In special experiments rats of given age groups were divided into 2 subgroups: 1 -rats that were intramuscularly injected with solution of testosterone in sterile vegetable oil at a dose of 0.07 mg / 100 g body weight within three days (5 rats in each age group), and 2 -rats that were intramuscularly injected with equivalent volume of sterile vegetable oil (control group; 5 rats in each age group). Aldo-keto reductase activity and testosterone concentration were measured in the serum. Statistical calculations were done by Wilcoxon-MannWitney test. Differences between the data were considered significant at P <0.05.
Results and Discussion
Studies have shown gradual elevating of testosterone level in the blood of control animals with increasing age. A similar trend is typical for total aldo-keto reductase activity in the blood (Fig. 1) .
Thus in the stage of puberty which is characterized by a minimal level of enzymatic activity, animals have limited efficiency of utilization of carbonyl cytotoxic metabolites. As a consequence, organism in pubertal age becomes more sensitive to endogenous aldehydes produced in the body during stress. This can serve as the reason of increased susceptibility of adolescents to diseases of stress etiology [1] .
In order to evaluate the effect of testosterone on the aldo-keto reductase activity, further investigations have been conducted on animals intramuscularly injected with the hormone. Investigations have shown that after injections of testosterone aldo-keto reductase activity in 1.5-and 3-month-old rats increases by 62 % and 28 % respectively as compared with that of control group (Tabl.1). At the same time testosterone injection is not accompanied by increasing of aldo-keto reductase activity of the blood of 3-weeks-old and 26-months-old rats. * -The data are positively distinguished from intact rats of same age group (P < 0.05) ** -The data are positively distinguished from intact1.5-months-old rats (P < 0.05)
Analysis of the results allows to suggest that animals of different age groups are characterized by different isozyme composition of aldo-keto reductases of blood. These differences predetermine the probability of occurrence of age-dependent features in the manifestation of the testosterone effect on the synthesis of definite isozymes. In order to confirm this hypothesis further research of aldoketo reductases spectrum from the blood of animals of different age groups was done.
Investigation of the spectrum of aldo-keto reductases allowed to reveal four invariable fractions in the blood of rats (Fig. 2) . Fraction 4 is a predominant one in the spectrum. Fractions 5 and 6 have the greatest electrophoretic mobility but they are variable. Spectrum of aldo-keto reductases in the blood alters during ontogenesis (Fig. 3, 4) . Only four invariable electrophoretic fractions of isozymes are found in 3-weeksold and old rats during electrophoresis. Pubertal and adult animals show increasing of the proportion of the 3 rd fraction in the aldo-keto reductases spectrum. Moreover, two additional fractions with maximal electrophoretic mobility appear there.
Figure 3. Photographs of the plates with separated fractions of aldo-keto reductases of the blood of various age groups rats
The obtained results show the change of blood aldo-keto reductases spectrum during ontogenesis. This indicates arising of peculiarities in the regulation of expression of genes of enzymes which catalyze the reductive pathway of endogenous aldehydes scavenging in the organism at certain stages of individual development. It is significant that compositions of blood aldo-keto reductases spectra are similar in early immature age (3 weeks) and in aging (26 months). We can assume that this is due to the peculiarities of the endocrine system functioning at these stages of ontogenesis, as hormones act as natural regulators of gene expression. It should be noted that unidirectional changes in endocrine regulation system arise in early postnatal development and in aging: child (immature) age is characterized by its functional immaturity, and late ontogenesis is characterized by manifestations of its involution [23, 24] . Generally it is regarding production of sex steroids including testosterone [25, 26] . This suggests the involvement of testosterone in the regulation of genes expression of some aldo-keto reductases isozymes. Analysis of the obtained results indicates a certain parallelism between the age dynamics in aldo-keto reductase activity of blood and content of testosterone. This may confirm involvement of testosterone in the regulation of aldo-keto reductase synthesis. In order to verify the above assumption, experiments with the introduction of exogenous testosterone to animals were performed.
Studies have shown that increasing the concentration of testosterone in the blood by its parenteral administration is accompanied by elevated aldo-keto reductase activity in 1.5-and 3-months-old rats. Old and young impuberal animals do not show the same change. These data indicate that the effect of testosterone on aldo-keto reductase activity has age-dependent manner. Taking this into account, a comparative analysis of the relationship between found changes in blood aldo-keto reductase activity after testosterone injections and change in the spectrum of aldoketo reductases in animals of different age groups was carried out.
The results of this analysis allow to regard testosterone as an inductor of synthesis of only certain fractions of aldoketo reductases isozymes (for instance, the 3 rd invariable, or variable the 5 th , or the 6 th fractions). It can be concluded that testosterone acts as an inductor of synthesis of aldoketo reductases isozymes through regulation of their genes expression. In addition, there are literature data about the participation of this hormone in the regulation of genes expression of individual proteins [27, 28] . This fact predetermines the appearance of age-related changes in the spectrum of aldo-keto reductases in the blood at certain stages of ontogenesis.
Change in the spectrum of aldo-keto reductases caused by testosterone forms prerequisites for modulating the role of reductive pathway of endogenous aldehydes scavenging in the organism. Taking into account the significance of this pathway in the removal of cytotoxic carbonyl free radical oxidation products [16, 29] , we can assume that in child age and aging efficiency of scavenging of carbonyl products of free radical oxidation in cells is limited and especially when they are intensively produced. This, in turn, increases the susceptibility of the organism to adverse external factors implementing negative effect through the formation of oxidative stress [30, 31] . Aldo-Keto Reductase Activity in the Blood of Different Ages Rats However, the stated assumption requires experimental verification, which our future researches will be devoted to.
Conclusion
1. Increased testosterone level in the blood of rats aged from 1.5 to 26 months is accompanied by a parallel elevation of aldo-keto reductase activity of blood. 2. Change in the level of testosterone in the blood during ontogenesis is accompanied by modulation of spectrum of aldo-keto reductases of the blood. 3. Intramuscular injections of testosterone to pubertal and adult rats are accompanied by increasing of aldoketo reductase activity of the blood, which is not typical for young immature and old animals.
